In the present study, we investigated the association between dietary intake of carbohydrates and the risk of type 2 diabetes. Incident cases of diabetes (n 749) were identified and compared with a randomly selected subcohort of 3496 participants aged 40 -79 years. For dietary assessment, we used 7 d food diaries administered at baseline. We carried out modified Cox proportional hazards regression analyses and compared results obtained from the different methods of adjustment for total energy intake. Dietary intakes of total carbohydrates, starch, sucrose, lactose or maltose were not significantly related to diabetes risk after adjustment for confounders. However, in the residual method for energy adjustment, intakes of fructose and glucose were inversely related to diabetes risk. The multivariable-adjusted hazard ratios (HR) of diabetes comparing the extreme quintiles of intake were 0·79 (95 % CI 0·59, 1·07; P for trend¼0·03) for glucose and 0·62 (95 % CI 0·46, 0·83; P for trend¼0·01) for fructose. In the nutrient density method, only fructose was inversely related to diabetes risk (HR 0·65, 95 % CI 0·48, 0·88). The replacement of 5 % energy intake from SFA with an isoenergetic amount of fructose was associated with a 30 % lower diabetes risk (HR 0·69, 95 % CI 0·50, 0·96). Results of the standard and energy partition methods were similar to those of the residual method. These prospective findings suggest that the intakes of starch and sucrose are not associated, but that those of fructose and glucose are inversely associated with diabetes risk. Whether the inverse associations with fructose and glucose reflect the effect of substitution of these carbohydrate subtypes with other nutrients (i.e. SFA), their net higher intake or other nutrients associated with their intake remains to be established through further investigation.
The identification of modifiable risk factors for type 2 diabetes, such as dietary factors, plays an important role in the prevention of this condition (1) . Carbohydrates are the main dietary factors affecting insulin secretion and postprandial glycaemia (2) . Evidence from observational studies indicates that higher glycaemic index (a measure used to quantify glycaemic response to carbohydrates in food) and glycaemic load (glycaemic index multiplied by the quantity of carbohydrates in food) are associated with an increased risk of incident type 2 diabetes (3) . However, the role of dietary intake of carbohydrates and their subtypes (such as starch, sucrose, glucose and fructose), either in combination or in isolation, in the development of type 2 diabetes remains unclear. Several cohort studies have found a positive association between the risk of diabetes and total carbohydrates (4 -6) and starch (4, 7) , while others have found a non-significant inverse association (8 -10) . Few studies have found a significant or non-significant inverse association of diabetes risk with total sugars (7, 9) and sucrose (8 -10) , while others have reported a non-significant positive association (4, 11, 12) . Furthermore, two studies have found a strong positive association of diabetes risk with glucose and fructose (8, 11) , while others have reported no association (6, 7) .
The discrepancy between results of different studies for the same carbohydrate subtype might have resulted from the method used for dietary assessment. All the previous studies have used the FFQ for dietary assessment. Inconsistent findings might result from using different FFQ, which are restricted to a limited number of dietary items and may capture different (and not all) sources of carbohydrates in different studies. On the other hand, inconsistent results for different carbohydrate subtypes (e.g. the same study reporting a positive association of diabetes risk with glucose and fructose and an inverse association with sucrose (8) ) might result from different types of carbohydrates having different metabolic effects (9, 13) .
The aim of the present study was to investigate the association between dietary intake of different carbohydrate subtypes and the risk of developing type 2 diabetes in a prospective cohort study using the food diary method for dietary assessment.
Methods

Study participants
We conducted a case -cohort study in the context of the European Prospective Investigation into Cancer (EPIC)-Norfolk study. The detailed design of the ongoing EPIC-Norfolk cohort study has been described previously (14) . Briefly, 25 639 men and women, aged 40 -79 years, who lived in Norfolk, England, were recruited into the study, and they underwent the first (baseline) health examination between 1993 and 1997. The participants were followed up using a postal health questionnaire during 2002-2004, a second health check-up at 3 -5 years (1998 -2000) and a further postal questionnaire at 10 years after recruitment into the study. The present study was conducted according to the guidelines laid down in the Declaration of Helsinki, and all procedures involving human subjects were approved by the Norfolk Local Research Ethics Committee. All the volunteers gave written informed consent. Cases were study participants with a confirmed diagnosis of incident type 2 diabetes during follow-up. Since nutritional information from food diaries was not collected for the entire cohort, a subcohort of 4000 participants were randomly chosen as controls from all the participants who were recruited into the EPIC-Norfolk study.
Participants were excluded from the present study if they had a self-reported doctor-diagnosed history of prevalent diabetes, cancer, myocardial infarction and cerebrovascular accident (stroke) at baseline health examination or if their food diary data were not available.
Incident cases of type 2 diabetes were ascertained by self-report of diabetes diagnosed by a physician or new administration of diabetes medication at follow-up, which was verified by medical records or by record linkage with external sources independent of the individuals' participation in a follow-up health examination or response to the postal questionnaires. External sources used to ascertain diabetes cases included listing with general practice diabetes registers, local hospital outpatient diabetes registers, hospital admission information that screened for diabetes-related conditions and Office for National Statistics mortality data with coding for diabetes. Possible cases solely based on self-report, and not confirmed by another data source, did not qualify as confirmed cases of diabetes and were not included in the present study. Cases ascertained up to 31 July 2006 were included.
Among the 892 confirmed incident cases of diabetes recorded until July 2006, 123 cases were excluded due to reporting of a history of cancer (n 51), myocardial infarction (n 56) and cerebrovascular accident (n 24) at baseline, three were excluded due to unavailability of food diary data and seventeen were excluded due to missing data on covariates, leaving 749 cases for the present analysis. From the 4000 participants randomly selected, 455 were excluded due to reporting of a history of cancer (n 225), myocardial infarction (n 109), cerebrovascular accident (n 45) and diabetes (n 121) at baseline, fourteen were excluded due to unavailability of food diary data and thirty-five were excluded due to missing data on covariates. Among the 3496 subcohort participants who remained for the analysis, 129 (3·7 %) developed diabetes.
Assessment of dietary exposures
The dietary exposure variables were carbohydrate subtypes including starch, individual sugars (sucrose, glucose, fructose, lactose and maltose), total sugars (sum of individual sugars) and total carbohydrates (sum of starch and total sugars).
The 7 d food diary was used for dietary assessment of nutrients (i.e. carbohydrate subtypes, fat and protein) and total energy intake in the present study. The methods used for dietary assessment in the EPIC-Norfolk study have been described in detail previously (15) . Briefly, the 7 d food diary comprised a booklet in which the description and amount of foods consumed at main meals and between meal times over seven consecutive days could be recorded (15) . Convenient household measures such as tablespoons, bowls, glasses, numbers, slices or packet weights and seventeen sets of colour photographs were used to describe portion sizes.
The nutrient content of each item was derived by matching the descriptions in the 7 d food diary with food composition tables that provide information on the amount of nutrients in each item using a data entry system called Data Into Nutrients for Epidemiological Research (DINER) (16) . Nutrient intakes were computed by multiplying the portion size by the nutrient content of each item, summed for each person for each day, and averaged across the number of days the diary was kept (14, 15) . The average number of days the food diaries were kept for both cases and non-cases was 6·5 (SD 1·6) d, and over 90 % had kept the diary for all the 7 d.
Assessment of non-dietary exposures
During the clinic visit, trained nurses took anthropometric measurements of individuals in light clothing without shoes. Height was measured to the nearest millimetre using a freestanding stadiometer, and weight was measured to the nearest 100 g using a digital scale. BMI was calculated as weight in kg divided by the square of height in metres (14) .
Family history of diabetes, smoking status (current, former and never), alcohol consumption (units per week) and other lifestyle factors were assessed as part of a health and lifestyle questionnaire administered at baseline examination. A four-point physical activity index based on occupational and non-occupational physical activities was used to categorise participants into four groups: inactive; moderately inactive; moderately active; active. Educational status was based on the highest qualification attained and was categorised into four groups: degree or equivalent; A-level (educational attainment by the age of 17 years); O-level (usual minimal school-leaving age of 15 years); less than O-level or no qualifications (14) .
Statistical analyses
The hazard ratio (HR) of diabetes was calculated using a modified Cox proportional hazards regression analysis that takes account of the design of the case -cohort study. This method is a weighted Cox regression introduced by Prentice (17, 18) . Person-years at risk were calculated from the date of recruitment until diagnosis of diabetes, death, loss to follow-up or end of follow-up (end of July 2006), whichever was first. To explore the association between the intake of carbohydrate subtypes and the risk of diabetes, we used and compared the results of different methods for adjustment for total energy intake: (1) standard method; (2) residual method; (3) nutrient density method; (4) energy partition method (19 -21) . Nutrient values were treated separately as continuous variables (HR of diabetes was calculated per standard deviation higher intake of each nutrient) and categorical variables (HR of diabetes was calculated for quintiles of the nutrient values). Standard deviations and cut-offs for the quintiles of nutrient intakes were calculated based on the distribution in the representative subcohort sample. The nutrient values entered as exposure variables were g/d of intake in the standard method, percentage of energy intake from each nutrient (nutrient density) in the nutrient density method and the energy-adjusted intake of each nutrient in the residual method. The energy-adjusted values for each nutrient (for the residual method) were calculated by adding the residuals of regressing the nutrient on total energy intake to the mean intake of that nutrient. In these three methods, total energy intake was entered into the model as a covariate. The HR calculated from this model can be interpreted as the effect of substituting the exposure variable with other energyproducing nutrients that are not included in the model while maintaining a constant total energy intake. In the energy partition method, the energy intake from a nutrient was entered into the model and energy intake from all other nutrients was entered as a covariate. The HR calculated from this model can be interpreted as the net effect of a higher intake of the nutrient (19 -21) .
We conducted categorical analyses using all the methods because the methods are not equivalent in categorical analyses. For example, a person in the fifth quintile of glucose intake is not necessarily in the fifth quintile of percentage of energy intake from glucose (19 -21) .
Other covariates in all the multivariable analyses were age, sex, BMI, family history of diabetes (yes/no), physical activity (four categories), smoking (three categories), units of alcohol intake per week and level of education (as a proxy for socioeconomic status, four categories). Robust standard errors were used to calculate 95 % CI.
A series of multivariable nutrient density models were further constructed to statistically model specific substitution patterns with protein, fat and fatty acids (SFA, MUFA and PUFA) associated with diabetes risk. The coefficient obtained from these models can be interpreted as the HR of diabetes associated with the substitution of 5 % energy intake from each nutrient for other carbohydrate subtypes, protein, fat or fatty acids in the relevant model. Information on trans-fatty acids was not available.
In sensitivity analyses, we excluded individuals who developed diabetes within 5 years of recruitment into the study, repeated analyses in men and women separately, and after excluding potential energy misreporters (participants belonging to the highest and lowest 5 % of the energy intake: BMR ratio category). Effect modification by BMI was tested on the multiplicative scale using the Wald test. Similarly, effect modification by family history of diabetes was also tested using the same method.
All statistical analyses were conducted using Stata 10.0 (StataCorp, 2007, Stata Statistical Software: Release 10; StataCorp LP). The level of statistical significance for all the analyses was chosen at a ¼ 0·05.
Results
The age and sex distribution of the 749 cases included in the present analysis was similar to that of all the 892 cases (data not shown). The mean age of diabetes cases was 61·2 (SD 8·3) years, and 56·5 % were men ( Table 1 ). The mean and median durations of follow-up from baseline assessment until diagnosis of diabetes were 6·3 (SD 2·5) and 6·2 years, respectively. Participants who subsequently developed diabetes were more likely to be obese, hypertensive, less physically active and less educated compared with the representative subcohort members who did not develop diabetes (Table 1) . A higher proportion of subsequent cases of diabetes reported being on a weight reduction diet for obesity and tended to report slightly less alcohol ingestion, almost equal total energy intake, lower intake of carbohydrates, and higher intake of protein and fat compared with the subcohort members who did not subsequently develop diabetes. Participants in the subcohort who had a higher percentage of energy intake from total carbohydrates ( Table 2) were more likely to be female, tended to be older, were slightly leaner, were less likely to smoke, had lower levels of alcohol intake, were more physically active, were more likely to have a family history of diabetes and had a lower total energy intake.
Standard and residual methods for energy adjustment
In the residual method, the energy-adjusted intake of each nutrient (g/d) was entered into separate models as a continuous variable and was adjusted for total energy intake. The HR of diabetes was inversely associated with a standard deviation higher intake of total carbohydrates, total sugars, sucrose, glucose and fructose in models adjusted for age and sex ( Fig. 1 ). However, in multivariable analyses, total sugars and sucrose were no longer associated with diabetes risk, but there was a significant inverse association of diabetes risk with fructose and a borderline significant inverse association with glucose and total carbohydrates ( Fig. 1) .
In categorical analyses involving quintiles of intake of each nutrient, fructose and glucose showed an inverse association with diabetes risk. The multivariable-adjusted HR of diabetes comparing the extreme quintiles of glucose intake was 0·79 (95 % CI 0·59, 1·07; P for trend¼ 0·03) and the corresponding HR for fructose was 0·62 (95 % CI 0·46, 0·83; P for trend¼0·01). Sucrose, starch and other carbohydrate subtypes were not significantly related to diabetes risk after adjustment for all covariates.
The standard method for energy adjustment produced results similar to those of the residual method (data not shown).
Nutrient density method for energy adjustment
In this set of analyses, quintiles of percentage of energy intake from each nutrient (nutrient density) were entered into the model and adjusted for total energy intake. The HR of diabetes exhibited a positive association with nutrient density for starch and an inverse association with nutrient density for sucrose, glucose, fructose and maltose in models adjusted for age and sex (Fig. 2 ). However, after adjustment for all covariates, only fructose remained significantly associated with an inverse risk of diabetes in the nutrient density method for energy adjustment (Fig. 2) .
In statistical modelling of specific substitution patterns using nutrient density models (Table 3) , we found that replacement of fructose with other carbohydrates was not significantly associated with an altered risk of type 2 diabetes. However, replacement of 5 % energy intake from SFA with an isoenergetic amount of fructose was significantly associated with a 30 % lower diabetes risk (HR 0·69, 95 % CI 0·50, 0·96). Substitution of carbohydrates with PUFA and MUFA did not alter diabetes risk. The HR of diabetes for replacing 5 % energy intake from protein with an isoenergetic amount of fructose was 0·72 (95 % CI 0·51, 1·03). The replacement of other carbohydrates, protein or fatty acids with an isoenergetic amount of glucose did not significantly alter diabetes risk (Table 3) . 
Energy partition method for energy adjustment
On applying the energy partition method, it was found that the net higher intakes of fructose and glucose were inversely related to diabetes risk. Multivariable HR of diabetes comparing the highest and lowest quintiles of intake were 0·72 (95 % CI 0·54, 0·97; P for trend¼ 0·01) for fructose and 0·68 (95 % CI 0·50, 0·93; P for trend¼0·01) for glucose. Sucrose, starch and other carbohydrate subtypes were not significantly related to diabetes risk.
Sensitivity analyses
When the analyses were repeated for cases diagnosed 5 years or more after recruitment or after excluding potential energy misreporters, there was no notable change in the findings (data not shown). In the analyses stratified by sex, the direction of the associations remained unchanged and was generally similar in men and women for all nutrients.
Although there was no statistically significant effect modification by BMI (Wald test for interaction: P¼0·19 for glucose and P¼0·11 for fructose), the inverse associations of fructose and glucose with diabetes risk were more pronounced in normal-weight (BMI , 25 kg/m 2 ) and overweight (BMI 25 -29·9 kg/m 2 ) individuals, but subsided in obese individuals (BMI . 30 kg/m 2 ). There was no significant effect modification by family history of diabetes either (Wald test for interaction: P¼ 0·54 for glucose and P¼0·51 for fructose). However, the inverse associations were more pronounced in those without a family history of diabetes, but subsided in those with a family history of diabetes. The main sources of fructose and glucose were fruits (41 and 29·5 %), drinks (16 % for both), sugar (9·5 and 15·5 %), cakes (9 and 10 %) and vegetables (6 and 6·6 %). The association of fructose (or glucose) with diabetes risk did not vary by source of the nutrient (data not shown).
Discussion
In the present case-cohort study, we found that while holding total energy intake constant, higher intakes of sucrose and starch were not associated with the risk of diabetes, but an inverse association was observed between intakes of fructose and glucose and the risk of diabetes diagnosed, on average, 6 years later. While holding total energy intake constant, substitution of energy intake from fructose with other sources of energy, specifically SFA and protein, was inversely related to diabetes risk.
The results of previous prospective studies on the association between carbohydrate subtypes and the risk of diabetes are inconsistent. Different studies have reported decreased, increased or no association of diabetes risk with the same carbohydrate subtype (4,5,7 -12) . Since the FFQ does not capture all sources of energy intake, the conflicting results might be explained by different FFQ administered in different studies capturing different sources of carbohydrate (e.g. extrinsic sugars v. intrinsic sugars) or capturing different diet- 2 . Hazard ratios (HR) of diabetes ((a) total carbohydrates, (b) starch, (c) total sugars, (d) sucrose, (e) glucose, (f) fructose, (g) lactose and (h) maltose) across the quintiles of percentage of energy intake from carbohydrate subtypes using the nutrient density method for energy adjustment. Models ( ) adjusted for age and sex. Models ( ) additionally adjusted for total energy intake, family history of type 2 diabetes, cigarette smoking, alcohol intake, physical activity, level of education and BMI. Numbers next to each box are the HR of diabetes. HR (95 % CI) are plotted against median percentage of energy intake in the relevant quintile for each nutrient. ary patterns associated with the nutrients. Nevertheless, in a meta-analysis of ten published prospective studies including 11 517 incident diabetes events, the highest to lowest quintiles of intake of sucrose were associated with a 15 % lower risk of diabetes (relative risk 0·85, 95 % CI 0·75, 0·97) (22) .
The lack of association between the intake of total carbohydrates, starch or sucrose and the risk of diabetes is in line with the findings of clinical research in people with diabetes that total energy intake rather than type and source of dietary carbohydrates is important in glycaemic control (23, 24) . On the other hand, clinical trials in people with diabetes have shown better glycaemic control with low-glycaemic index diets (25) . Thus, starch or sugar as composite variables, independent of source, may not capture the aspect of carbohydrate quality that is relevant for glycaemic control.
The standard, residual and nutrient density methods for energy adjustment statistically model the effect of substitution of nutrients in an isoenergetic diet in which total energy intake is held constant (19, 21) . Therefore, a lower risk of diabetes associated with fructose and glucose in the present study might reflect the effect of substitution of fructose (or glucose) with other sources of energy. In the EPIC-Norfolk study, we found that replacement of 5 % energy from SFA with an isoenergetic amount of fructose was associated with a 30 % lower risk of diabetes and replacement of protein with fructose resulted in a non-significant 27 % lower risk of diabetes.
In the EPIC-Potsdam study (10) , replacement of 5 % energy intake from protein or PUFA with an isoenergetic amount of carbohydrates was associated with a 23 % and a 17 % lower risk of diabetes, respectively. Likewise, an increased intake of protein has been shown to be associated with an increased risk of diabetes (26) . However, replacement of SFA with total carbohydrates has not been shown to be significantly associated with a lower risk of CVD (27, 28) , which highlights the importance of the 'type' of carbohydrate replacing SFA in developing health outcomes.
The models using the energy partition method for energy adjustment reflect the effect of net increase in energy intake from the nutrient without substitution with other nutrients. Yet again, we found an inverse association of the risk of diabetes with net higher fructose and glucose intakes. Therefore, the inverse association with diabetes risk might be related to higher intakes of fructose or glucose per se or might be related to factors specifically associated with their intake, such as particular micronutrients or particular dietary patterns that are related to a lower risk of diabetes. More specifically, fruits and vegetables are likely to account for the observed associations, as they are the main sources of fructose and glucose and have been shown to be inversely associated with the risk of incident diabetes (29) .
Our findings are in contrast with those of animal studies that have shown that feeding high-sucrose and high-fructose diets to rats induces diabetes and insulin resistance (30 -32) . To the best of our knowledge, experimental evidence on humans is not conclusive (33) . Studies on normal and hyperinsulinaemic individuals have shown increased fasting glucose levels, insulin response and insulin resistance after consumption of diets with a higher percentage of energy intake from sucrose (34, 35) or fructose (36) . On the other hand, in individuals with type 2 diabetes, high-fructose diets increase insulin sensitivity (37, 38) . Moreover, in line with our findings, a systematic review and meta-analysis of clinical trials (n 18) has shown improved long-term glycaemic control with isoenergetic replacement of fructose with other carbohydrates in people with diabetes (39) . Higher urinary excretion of fructose (a biomarker for fructose consumption) was associated with a lower risk of obesity in the EPIC-Norfolk cohort study (40) . The association of a lower risk of obesity with a higher intake of fructose is * P, 0·05. † The modelling strategy explained in footnote § (below) is used, with the exception of modelling substitution patterns with total carbohydrates, for which the term for energy intake from sugars or starch is not entered. Other nutrient terms are entered as described in footnote §. ‡ Energy intake from total carbohydrates (/fructose, glucose and sucrose) was entered into the model and adjusted for total energy intake, age, sex, BMI, smoking, alcohol intake, physical activity, family history of diabetes and level of education. § In order to build substitution patterns, energy intakes from other nutrients were entered into the models as separate terms as follows:
other sugars -separate terms for energy intake from starch, total fat and total protein; starch -energy intake from all sugars except fructose (/glucose or sucrose), total fat and total protein; protein -energy intake from all sugars except fructose (/glucose or sucrose), starch and total fat; total fat -energy intake from all sugars except fructose (/glucose or sucrose), starch and total protein; SFA -energy intake from all sugars except fructose (/glucose or sucrose), starch and total protein and energy intake from all fats except SFA; PUFA -energy intake from all sugars except fructose (/glucose or sucrose), starch and total protein and energy intake from all fats except PUFA; MUFA -energy intake from all sugars except fructose (/glucose or sucrose), starch and total protein and energy intake from all fats except MUFA.
in line with and might provide some explanation for a similar association with diabetes. The contrast between our findings and what is expected from animal studies strengthens the idea that a lower risk of diabetes and obesity associated with fructose and glucose could be ascribed to particular dietary patterns (i.e. higher intake of fruits and vegetables) rather than to higher consumption of fructose itself. The inverse association between carbohydrates and diabetes might be considered a consequence of the tendency of more obese people to under-report their carbohydrate intake. However, no association was observed with diabetes in obese individuals, while there was a significant inverse association of diabetes risk with fructose and glucose in lean participants. This suggests that potential under-reporting of carbohydrate intake in obese individuals is not likely to account for the observed associations. Moreover, excluding individuals with potential energy misreporting from the analyses did not change the results.
In the present study, we aimed to assess the effect of carbohydrate intake on the risk of diabetes independent of the effect of body size and total energy intake. We also adjusted for the potential confounding effect of physical activity and other known risk factors for diabetes. However, the effect of residual confounding by unmeasured or incomplete measured lifestyle factors is still possible.
To the best of our knowledge, this is the first study on the association between dietary intake of carbohydrate subtypes and the risk of diabetes using the food diary method for dietary assessment. Most epidemiological studies use FFQ as the method for dietary assessment due to its feasibility of administration and ability to capture long-term dietary habits. Completing food diaries is more costly, has greater participant burden and also captures the food intake over a short period of time. However, it has been suggested that food diaries may provide a more accurate measure of dietary intake than FFQ because they are prospectively recorded and are less subject to recall issues and individual tendencies to over-report or under-report specific items of the diet than are FFQ, are not limited to predefined items and can provide more detailed information on portion sizes (41, 42) . The validity and reliability of 7 d food diaries have been assessed previously and compared with those of the FFQ and 24 h dietary recalls in the EPIC-Norfolk study (15) . In terms of day-to-day variation in diet and random measurement error, there were no significant differences in mean intake values obtained from the first (baseline) and second (administered at 18 months after recruitment) food diaries in the subset of participants with available data in the EPIC-Norfolk study (15) . In addition, when validated against serum vitamin C levels and 24 h urinary excretion of N, Na and K as reference values, the 7 d food diary method was generally more repeatable and valid than the FFQ and 24 h recall methods (15) .
A limitation of the present study is that dietary data used for analyses were based on one measurement. Ignoring random day-to-day variation and changes in diet over time might have attenuated the observed association towards the null (regression dilution bias). Moreover, diet assessed once might not be representative of the usual diet. Not accounting for possible changes in confounding factors might result in residual confounding. However, we used the intake of nutrients in the present study, which is likely to be more stable across time than that of specific food groups.
In the EPIC-Norfolk study, the entire cohort was not biochemically screened for type 2 diabetes either at baseline or during follow-up. Therefore, there is the possibility for under-ascertainment of diabetes and therefore misclassification of the outcome, resulting in the attenuation of the observed association. However, rigorous case ascertainment methods were used to possibly capture all diagnosed cases of diabetes using multiple data sources and independently of active participation of study participants in follow-up visits or questionnaires. Moreover, there was a high specificity in ascertainment of diabetes, because confirmation of diagnosis of diabetes was either based on or verified by medical records. Hence, the misclassification of unidentified cases should not have biased the estimated risks. Another limitation is that a number of prospectively identified cases of diabetes might have had the condition undiagnosed at baseline. Repetition of the analysis on the subset of cases identified 5 years or more after recruitment to minimise the potential misclassification did not have a notable effect on the findings in terms of magnitude or statistical significance of the observed associations.
In summary, in the present study, we found that intakes of sucrose and starch were not related to the risk of diabetes and higher intakes of fructose and glucose were associated with a lower diabetes risk. This association might be due to higher intakes of glucose and fructose per se or might be related to other unmeasured nutrients associated with their intake or might reflect the true effect of the substitution of fructose with other nutrients, particularly SFA. The identification of dietary patterns associated with diabetes risk requires further investigation.
